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Description

FIELD OF THE INVENTION

[0001] This invention relates generally to isolating
mechanisms for operatively interconnecting regions of
differing gaseous composition and/or pressure. More
specifically the instant invention relates to an improved
gas gate wherein the passageway therethrough is pro-
vided with means for creating at least one region of tran-
sonic sweep gas flow, thereby effectively isolating one
region, characterized by one composition and pressure,
from another region, having a differing composition
and/or pressure, by decreasing the mean-free-path
length between collisions of diffusing species within the
transonic flow region.

BACKGROUND OF THE INVENTION

[0002] The present invention is useful in apparatus
for continuously fabricating photovoltaic devices on a
web of magnetic substrate material by depositing there-
onto successive amorphous-silicon alloy semiconductor
layers in each of at least two adjacent, interconnected
deposition chambers. The composition of each layer is
dependent upon the particular gases introduced into
and isolated from each of the deposition chambers.
More particularly, the deposition chambers are opera-
tively interconnected by a gas gate which includes a rel-
atively narrow passageway (1) through which the web of
substrate material passes; and (2) adapted to substan-
tially isolate the processes gases introduced into the
first chamber from the process gases introduced into
the adjacent deposition chamber. As disclosed in United
States Patent No. 4,462,332 to Nath et al., assigned to
the assignee of the instant application, it has been
determined that despite the relatively small size of the
gas gate passageway, dopant process gases intro-
duced into one deposition chamber back diffuse into the
adjacent chamber, thereby contaminating the process
gases introduced thereinto and the semiconductor layer
deposited in said adjacent chamber. The '332 patent
disclosed apparatus (namely ceramic magnets posi-
tioned above the gas gate passageway for urging the
magnetic substrate upwardly) by which the height
dimension of the passageway could be reduced. The
reduction in the height dimension of the passageway
provided for a corresponding reduction of the back diffu-
sion of dopant gases for a given flow rate, thereby
decreasing the contamination of the process gases
introduced into the intrinsic deposition chamber.

[0003] However, because the magnets urge the
substrate into sliding contact with the upper passage-
way wall, frictional abrasion between the wail and the
unlayered side of the substrate causes problems with
the deposition apparatus such as, for example, wear of
the upper passageway wall of the gas gate. Also,
abraded particles of substrate and passageway wall
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material collect in the passageway and deposition
chambers causing scratching of the layered side of the
substrate and co-depositing with the semiconductor
material, which causes short circuiting due to the pro-
truding particles which cannot be fully covered by a one
micron thick semiconductor alloy layer. The abrasion, in
addition to being detrimental to the semiconductor layer
and the equipment, limits the minimum thickness of the
web of substrate material which can be realistically
used due to possible tearing.

[0004] Additionally, as was disclosed in United
States patent Nos. 4,438,724 and 4,450,786 each to
Doehler et al., both assigned to the assignee of the
instant application, when the web of substrate material
is urged against the upper wall of the passageway, the
passageway is divided by the web of substrate into a rel-
atively narrow upper portion, between the substrate and
the upper passageway wall, and a relatively wide lower
portion, between the substrate and the lower passage-
way wall. Also, irregular spacing between the substrate
and the upper passageway wall occurred because waf-
fling (warping) of the web of substrate material could not
be entirely eliminated by the attractive force of the mag-
nets. Much of the warping of the substrate is caused by
heating of the substrate in the deposition chambers.
The process gases, being inherently viscous (and espe-
cially viscous at the elevated deposition temperatures
employed with glow discharge deposition processes),
are unable to travel through the narrow upper portion
with sufficient velocity to prevent cross-contamination of
process gases from one deposition chamber to the
other. It was to the end of decreasing the amount of
cross-contamination of process gases through the nar-
row upper portion between the unlayered side of the
substrate and the upper passage wall that the '724 and
'786 patents were directed.

[0005] In the past, considerable efforts have been
made to develop processes for depositing layers of
amorphous semiconductor alloy material, each of which
can encompass relatively large areas, and which can be
doped to form p-type and n-type materials for the fabri-
cation of p-i-n-type photovoltaic devices which are, in
operation, substantially equivalent to their crystalline
counterparts. For many years such work with amor-
phous silicon or germanium films was substantially
unproductive because of the presence therein of micro-
voids and dangling bonds which produce a high density
of localized states in the energy gap. Initially, the reduc-
tion of the localized states was accomplished by glow
discharge deposition of amorphous silicon films using
silane (SiH,) gas and hydrogen gas as precursors. The
material so deposited is an intrinsic amorphous material
consisting of silicon and hydrogen. To produce a doped
amorphous material, phosphine gas (PH3) for n-type or
diborane gas (B,Hg) for p-type conduction, is premixed
with the silane gas. The material so deposited includes
supposedly substitutional phosphorus or boron dopants
and is shown to be extrinsic and of n or p conduction
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type.

[0006] It is now possible to prepare greatly
improved amorphous silicon alloy materials, that have
significantly reduced concentrations of localized states
in the energy gap thereof, while providing high quality
electronic properties by glow discharge as is fully
described in United States Patent No. 4,226,898 to
Ovshinsky et al., and by vapor deposition as described
in United States Patent No. 4,217,374 to Ovshinsky et
al., both assigned to the assignee of the instant applica-
tion. As disclosed in these patents, fluorine introduced
into the amorphous silicon semiconductor operates to
substantially reduce the density of localized states
therein and facilitates the addition of other alloying
materials, such as germanium. Activated fluorine read-
ily diffuses into, and bonds to, amorphous silicon in a
matrix body to substantially decrease the density of
localized states therein. This is because the small size
of the fluorine atoms enable them to be readily intro-
duced into an amorphous silicon matrix. The fluorine is
believed to bond to the dangling bonds of the silicon and
form a partially ionic stable bond with flexible bonding
angles, which results in a more stable and more efficient
compensation or alteration than could be formed by
hydrogen, or other compensating or altering agents
which were previously employed.

[0007] The concept of utilizing multiple cells, to
enhance photovoltaic device efficiency, was discussed
at least as early as 1955 by E.D. Jackson, United States
Patent No. 2,949,498. The multiple cell structures
therein discussed utilized p-n junction crystalline semi-
conductor devices. Essentially the concept is directed to
utilizing different band gap devices to more efficiently
collect various portions of the solar spectrum and to
increase open circuit voltage (V,c). The tandem cell
device has two or more cells with the light directed seri-
ally through each cell, with a large band gap material
followed by a smaller band gap material to absorb the
light passed through the first cell or layer. By substan-
tially matching the generated currents from each cell,
the overall open circuit voltage is the sum of the open
circuit voltages of each cell while the short circuit cur-
rent remains substantially constant.

[0008] Due to the beneficial properties attained by
the introduction of fluorine, amorphous alloys used to
produce cascade type multiple cells may now incorpo-
rate fluorine to reduce the density of localized states
without impairing the electronic properties of the mate-
rial. Further band gap adjusting element(s), such as
germanium and carbon, can be activated and are added
in vapor deposition, sputtering or glow discharge proc-
esses. The band gap is -adjusted as required for spe-
cific device applications by introducing the necessary
amounts of one or more of the adjusting elements into
the deposited alloy cells in at least the photocurrent
generation region thereof. Since the band gap adjusting
element(s) has been tailored into the cells without add-
ing substantial deleterious states, the cell material
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maintains high electronic qualities and photoconductiv-
ity when the adjusting element(s) are added to tailor the
device wavelength characteristics for a specific photore-
sponse application.

[0009] It is of obvious commercial importance to be
able to mass produce photovoltaic devices. Unlike crys-
talline silicon which is limited to batch processing for the
manufacture of solar cells, amorphous silicon semicon-
ductor alloys can be deposited in multiple layers over
large area substrates to form solar cells in a high vol-
ume, continuous processing system. Continuous
processing systems of this kind are disclosed, for exam-
ple, in United States patent Nos. 4,440,409; 4,542,711;
4,410,558; 4,438,723; and 4,492,181 each of which is
assigned to the assignee of the instant application. As
disclosed in these patents, a substrate may be continu-
ously advanced-through a succession of deposition
chambers, wherein each chamber is dedicated to the
deposition of a specific semiconductor layer. In making
a solar cell of p-i-n-type configuration, the first chamber
is dedicated for depositing a p-type amorphous silicon
semiconductor alloy material, the second chamber is
dedicated for depositing an intrinsic amorphous silicon
semiconductor alloy material, and the third chamber is
dedicated for depositing an n-type amorphous silicon
semiconductor alloy material. Since each deposited
semiconductor alloy material, and especially the intrin-
sic semiconductor alloy material must be of high purity,
the deposition environment in the deposition chamber is
isolated from the doping constituents within the other
chambers to prevent cross-contamination of doping
constituents into the intrinsic process gases in the intrin-
sic chamber. In the previously mentioned patents,
wherein the systems are primarily concerned with the
production of photovoltaic cells, isolation between the
chambers is accomplished by gas gates through which
(1) a unidirectional flow of process gases between dep-
osition chambers is established, and (2) an inert gas
may be "swept" along the web of substrate material.
The gas gate disclosed in previously mentioned United
States patent No. 4,462,332 contemplated the creation
of a plurality of magnetic fields adapted to urge the mag-
netic web of substrate material against a wall of the gas
gate passageway opening so that the height dimension
of the passageway opening could be reduced. The
reduced height of the opening correspondingly
decreased the quantity of process gas, which would
otherwise diffuse from the dopant deposition chambers
to the intrinsic deposition chamber, without correspond-
ingly increasing the risk that the amorphous semicon-
ductor layers deposited on the substrate would contact
and be damaged by a wall of the gas gate passageway
opening.

[0010] While the magnetic gas gate disclosed in
United States Patent No. 4,462,332 reduced the height
dimension of the passageway opening, and thereby cor-
respondingly reducing the diffusion of dopant gas, this
gas gate design caused two additional problems, (1) the
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aforementioned problems of frictional, and (2) it divided
the passageway into wide and narrow portions, as dis-
cussed hereinabove. Regarding the latter of these prob-
lems, the velocity of the inert sweep gas and residual
process gases traveling through the wide lower portion
is sufficiently great to substantially prevent cross-con-
tamination of dopant gases into the intrinsic chamber.
However, due to the viscosity of the process gases, the
drag on the sweep gases along (1) the upper passage-
way wall and (2) the unlayered surface of the substrate
(which define the relatively narrow upper portion of the
passageway) results in a relatively low velocity flow
therethrough. Accordingly, an undesirably high amount
of dopant process gas is able to diffuse into the intrinsic
chamber through the narrow upper portion.

[0011] The problem of cross-contamination was
reduced in United States Patent Nos. 4,438,724 and
4,450,786 by providing a plurality of elongated grooves
(extending the entire length of the gas gate passageway
opening) from the dopant deposition chamber to the
adjacent intrinsic deposition chamber in the wall of the
passageway opening above the web of substrate mate-
rial. In this manner, a plurality of spaced, relatively high
velocity flow channels were provided in the space
between the unlayered surface of the web of substrate
material and the upper wall of the passageway opening.
Because the channels were relatively high, the sweep
gases and residual process gases flowed unidirection-
ally therethrough at substantial velocities despite the
drag incurred as said gases contacted the passageway
wall and the substrate surface. While the gas gate of the
'724 and '786 patents reduced the problem of cross-
contamination through the aforementioned narrow
upper section, it failed to reduce the problem of frictional
abrasion between the unlayered side of the substrate
and the upper passageway wall.

[0012] The magnetic roller gas gate of our copend-
ing US Application Serial No. 07/903,417, filed June 24,
1992, substantially reduced the frictional abrasion
between the unlayered side of the substrate and the
passageway wall without substantially increasing in the
cross-contamination of process gases between deposi-
tion chambers.

[0013] While the magnetic roller gas gate of the
'417 application reduced the frictional abrasion problem
and did not increase the cross contamination problem,
the gas gates of the prior art cannot be used to opera-
tively interconnect regions having a pressure differential
between the chambers of greater than about 10 %.
However in many instances, it is desirable, if not essen-
tial, to interconnect two processing chambers having
pressure differentials of greater than an order of magni-
tude (i.e., such as pressures of 13.33 and 1.33 Pa (10'1
and 103 Torr) respectively). Therefore, it is an object of
the instant invention to fabricate a gas gate which incor-
porates the reduced frictional abrasion of the substrate
and low cross contamination of the magnetic roller gas
gate of the '417 application and has the additional ability

10

15

20

25

30

35

40

45

50

55

to be used to interconnect regions having pressure dif-
ferentials greater than about one order of magnitude.

[0014] Although the foregoing discussion dealt with
a single dopant deposition chamber and an adjacent
intrinsic deposition chamber, it should be apparent that
other deposition chambers may be operatively con-
nected by the gas gates of the present invention. For
example, a p-type deposition chamber may be con-
nected on one side of the intrinsic deposition chamber
and an n-type deposition chamber may be connected to
the other side of the intrinsic deposition chamber so as
to produce a p-i-n type semiconductor device. Alterna-
tively, a plurality of these triads of deposition chambers
could be interconnected to produce a plurality or p-i-n-
type cells. Similarly, a chamber in which the transparent
conductive oxide layer (discussed hereinafter) is added
atop the uppermost amorphous semiconductor alloy
layer may be operatively connected by the improved gas
gates, disclosed herein, to the final deposition chamber.
Since it would be undesirable to have gaseous constitu-
ents or other contaminants introduced into the transpar-
ent conductive oxide (TCO) deposition chamber
(typically at a pressure of about 0.133 Pa (10'3 Torr)
pressure) cross-contaminated into the RE glow-dis-
charge dopant deposition chamber (typically at a pres-
sure of about 1 Torr pressure), the improved gas gate of
the present invention can also be employed between
the TCO chamber and the final dopant deposition
chamber. For that matter, the improved gas gate of the
instant invention is applicable between all chambers of
the continuous production apparatus so as to produce
high quality amorphous photovoltaic devices.

[0015] Document JP-A-4-299 823 discloses a glow
discharge apparatus comprising a gas gate according
to the gas gate of the preamble of present claim 1. Also,
document US-A-4 480 585 discloses an external isola-
tion module including a gas gate having a passageway
between two adjacent vacuum chambers through which
a substrate travels. The module substantially prevents
the diffusion of reaction materials from one of the cham-
bers into the adjacent chamber. An accessible, environ-
mentally sealed, reaction material-isolating
passageway is thereby formed.

BRIEF SUMMARY OF THE INVENTION

[0016] Disclosed herein is a transonic gas gate con-
taining a non-contaminating sweep gas at a predeter-
mined flow rate, for interconnecting two regions of
differing gaseous composition and/or pressure. The
transonic gas gate includes a narrow, elongated pas-
sageway, through which substrate material is adapted to
move between said regions, and inlet means for intro-
ducing a flow of said sweep gas at said predetermined
flow rate into a central portion of said passageway. The
transonic gas gate is characterised in that the passage-
way includes at least two transonic flow channels hav-
ing a height of about 3.175 mm (0.125 inch) and also
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includes at least one said central portion interconnect-
ing said at least two flow channels, said central portion
having a height greater than and having a length shorter
than those of said flow channels so that said sweep gas
at said flow rate reaches a choke mode transonic flow in
at least one of said flow channels.

[0017] In the present invention, a plurality of rollers
are spacedly disposed and rotatably mounted within the
upper passageway wall of the gas gate passageway
toward which the unlayered surface of the substrate is
urged. The rollers extend the entire width of the pas-
sageway. Magnets may be enclosed within said rollers
or may be positioned elsewhere within the gas gate, so
long as they provide the proper magnetic force so as to
urge the substrate into rolling contact with said rollers.
[0018] When the isolation device of the instant
invention is used in apparatus for the production of
amorphous semiconductor solar cell devices, the inter-
connected regions can be adjacent deposition cham-
bers adapted to deposit amorphous silicon
semiconductor alloys. For example, a first layer may be
deposited onto one surface of a substrate in a first
chamber, the substrate can then pass through the isola-
tion gas gate to a second chamber wherein a second
layer is deposited atop the first layer. If p-i-n type photo-
voltaic cells are being fabricated, the intrinsic deposition
chamber includes a conduit through which at least one
process gas is introduced and the dopant deposition
chambers include a conduit through which at least one
additional process gas, not introduced into the intrinsic
deposition chamber, is introduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Figure 1 is a fragmentary, cross-sectional view of a
tandem or cascade photovoltaic device comprising
a plurality of p-i-n-type cells, each layer of the cells
formed from an amorphous silicon alloy material;
Figure 2 is a diagrammatic representation of a mul-
tiple glow discharge chamber deposition system
adapted for the continuous production of the photo-
voltaic devices shown in Figure 1, which system
includes gas gates for substantially isolating the
gaseous constituents introduced into each of the
deposition chambers;

Figure 3 is a cross-sectional view illustrating the
arrangement of magnets and separators within a
recess formed in the upper block of a magnetic gas
gate assembly of the prior art;

Figure 4 is an enlarged cross-sectional view taken
along line 4-4 of Figure 2 illustrating the disposition
of magnetic elements relative to the grooved flow
channels, formed in the upper passageway wall, of
the grooved gas gate of the prior art;

Figure 5 is an enlarged, fragmentary perspective
view, partially in cross-section, of the magnetic,
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grooved gas gate of the prior art, and specifically
illustrating the intermediate sweep gas introduction
assembly;

Figure 6 is an enlarged, exploded perspective view
of a preferred embodiment of the magnetic roller of
the present invention wherein rotatably mounted,
tubular magnets are encapsulated by an elongated
hollow tube and adapted to be rotatably secured by
an axle within the magnetic roller gas gate of the
prior art;

Figure 7 is a cut-away view of upper passageway
wall of the magnetic roller gas gate of the prior art
illustrating the magnetic rollers of Figure 6 and
mounting brackets therefor;

Figure 8 is a partial cross sectional view taken
along line 5-5 of Figure 7 and specifically illustrating
the disposition of the magnetic rollers of Figure 6
spacedly disposed and rotatably mounted within
the top passageway wall of the magnetic roller gas
gate of the prior art;

Figure 9 is a cross sectional view of the isolation
device of the instant invention specifically illustrat-
ing the transonic flow channels, sweep gas inlet,
sweep gas manifold, and placement of the mag-
netic rollers of Figure 6.

DETAILED DESCRIPTION OF THE INVENTION AND
DRAWINGS

I. The Photovoltaic Cell

[0020] Referring now to the drawings and particu-
larly to Figure 1, a tandem or cascade-type photovoltaic
cell, formed of successive p-i-n layers each including an
amorphous silicon alloy material, is shown generally by
numeral 10. It is for the production of this type of photo-
voltaic device, wherein layers of amorphous silicon alloy
material are continuously deposited onto a moving web
of substrate material in isolated deposition chambers,
that the improved magnetic gas gates of the present
invention were developed.

[0021] More particularly, Figure 1 shows a p-i-n
type photovoltaic device such as a solar cell made up of
individual p-i-n type cells 12a, 12b and 12c. Below the
lowermost cell 12a is a substrate 11 which may be
transparent or formed from a metallic surfaced foil.
Although certain applications may require a thin oxide
layer and/or a series of base contacts prior to applica-
tion of the amorphous semiconductor material, for pur-
poses of this application, the term "substrate" shall
include not only a flexible film, but also any elements
added thereto by preliminary processing. Most com-
monly the substrate material 11 may be stainless steel,
aluminum, tantalum, molybdenum or chrome.

[0022] Each of the cells 12a, 12b and 12c include
an amorphous semiconductor body containing at least
a silicon alloy. Each of the semiconductor bodies
include an n-type conductivity region or layer 20a, 20b
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and 20c; an intrinsic region or layer 18a, 18b and 18c;
and a p-type conductivity region or layer 16a, 16b and
16c¢. The term "amorphous" as used herein includes all
materials exhibiting long-range disorder, regardless of
their short or intermediate range order and regardless
of whether those materials are otherwise labeled poly-
crystalline or crystalline. As illustrated, cell 12b is an
intermediate cell and, as indicated in Figure 1, addi-
tional intermediate cells may be stacked atop the illus-
trated cells without departing from the spirit or scope of
the present invention. Also, although tandem p-i-n cells
are illustrated, the gas gates of this invention are equally
adapted for use in multiple chamber apparatus which is
adapted to produce tandem n-i-p cells by simply revers-
ing the order of depositing the n-type and p-type layers
onto the substrate.

[0023] For each of the cells 12a, 12b and 12c, the
p-type layers of semiconductor material are characteris-
tically light transmissive and highly conductive. The
intrinsic layers of semiconductor material are character-
ized by an adjusted wavelength threshold for solar pho-
toresponse, high light absorption, low dark conductivity
and high photoconductivity, including sufficient amounts
of a band gap adjusting element or elements to optimize
the band gap for the particular cell application. Prefera-
bly, the intrinsic layers of semiconductor material are
band gap adjusted to provide cell 12a with the lowest
band gap, cell 12c with the highest band gap and cell
12b with a band gap between the other two. The n-type
layers of semiconductor material are characterized by
low light absorption and high conductivity. The thickness
of the band gap adjusted layers of intrinsic material can
be between 200 to 300 nm (2,000 to 3,000 angstroms).
The thickness of the n-type layers can be in the range of
2.5to 10 nm (25 to 100 angstroms), the thickness of the
p-type layers can be between 5 to 20 nm (50 to 200 ang-
stroms). Due to the shorter diffusion length of the holes,
the p-type layers generally will be as thin as possible.
[0024] It is to be understood that following the dep-
osition of the layer of semiconductor material, a further
deposition step may be either performed in a separate
environment or as a part of the continuous production
apparatus. In this step, a TCO (transparent conductive
oxide) layer 22 is added, which layer may, for example,
be indium tin oxide (ITO), cadmium stannate (Cd,Sn0,),
or doped tin oxide (Sn0,). Although an electrode grid 24
may be added to the device, for a tandem cell having a
sufficiently small area, the TCO layer 22 is generally
sufficiently conductive so the grid 24 is not necessary. If
the tandem cell is of a sufficiently large area, or if the
conductivity of the TCO layer 22 is insufficient, the grid
24 may be placed on the layer 22 to shorten the carrier
path and increase the conduction efficiency thereof.

IL The Multiple Glow Discharge Deposition Chambers
Turning now to Figure 2, a diagrammatic representation
of a multiple glow discharge chamber deposition appa-
ratus for the continuous production of the tandem pho-
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tovoltaic cells, previously described, is generally
illustrated by the reference numeral 26. The apparatus
26 includes a plurality of dedicated deposition cham-
bers, adjacent chambers of which being operatively
interconnected by an improved magnetic gas gate in
accordance with the principles of the present invention.
The term "isolated" as used herein will mean that the
reaction gas mixture introduced into one of the adjacent
deposition chambers is substantially prevented from
cross-contaminating the mixtures introduced into the
adjacent chamber. Note that the word "substantially"
was used to modify "prevented"”; this is because no iso-
lation mechanism is 100% effective. Moreover, very
slight back diffusion of dopant gas mixtures into the
intrinsic deposition chamber has been found to provide
a desirable profiling of the intrinsic layer. However, this
compensation of the intrinsic layer should be minimal (in
the parts per million range) and should be capable of
quantitative determination. Finally, the term "dedicated"
will be defined herein as meaning that each individual
deposition chamber has introduced thereinto a particu-
lar reaction gas mixture protected from contamination
from reaction gas mixtures introduced into adjacent
deposition chambers and from environmental condi-
tions.

[0025] The apparatus 26 is adapted to deposit a
high volume of large area, amorphous photovoltaic cells
having a p-i-n configuration onto the surface of a sub-
strate 11 which is continually fed therethrough. To
deposit the layers of amorphous semiconductor mate-
rial required for producing a tandem cell of the p-i-n con-
figuration, the apparatus 26 includes at least one triad of
deposition chambers, each triad comprising: a first dep-
osition chamber 28 in which a p-type conductivity layer
of amorphous silicon alloy material is deposited onto
the surface of the substrate 11 as the substrate 11
passes therethrough; a second deposition chamber 30
in which an intrinsic layer of amorphous silicon alloy
material is deposited atop the p-type layer on the sur-
face of the substrate 11 as the substrate 11 passes
therethrough; and a third deposition chamber 32 in
which an n-type conductivity layer of silicon alloy mate-
rial is deposited atop the intrinsic layer on the surface of
the substrate 11 as the substrate 11 passes there-
through.

[0026] It should be apparent that: (1) although one
triad of deposition chambers has been described, addi-
tional triads or additional individual chambers may be
added to the apparatus to provide the apparatus with
the capability of producing photovoltaic cells having any
number of layers; (2) the improved magnetic gas gates
of the present invention is applicable in an environment
with as few as two adjacent chambers wherein preven-
tion of cross-contamination of gases between those
chambers is required; (3) although in the preferred
embodiment, the substrate material is shown and
described as a continuous web of magnetic material,
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the concept of the present invention may be adapted for
depositing successive layers atop discrete magnetic
substrate plates which can be continuously fed through
the plurality of deposition chambers; (4) although not
shown, other chambers (such as a chamber for adding
a TCO layer atop the uppermost dopant layer of the
photovoltaic device) may be operatively connected to
the glow discharge apparatus 26 by the magnetic gas
gate of the present invention; and (5) the substrate sup-
ply core 11a and the substrate take-up core 11b are
shown in the deposition chambers for illustrative pur-
poses only and in reality the cores would be rotatably
positioned in separate chambers operatively connected
to the deposition chambers.

[0027] Each deposition chamber 28, 30 and 32 of
the triad is adapted to deposit a single layer of amor-
phous silicon alloy material by glow discharge deposi-
tion, onto the magnetic substrate 11. To that end, each
of the deposition chambers 28, 30 and 32 includes: a
cathode 34; a shield 35 disposed about three sides of
each of the cathodes 34; a gas supply conduit 36; an
inert sweep gas conduit 37 disposed on opposed sides
of the intrinsic deposition chamber, a radio frequency
generator 38; a plurality of transversely extending mag-
netic elements 39; a plurality of radiant heating ele-
ments shown schematically as 40 in Figure 2; and a gas
gate 42 operatively connecting each deposition cham-
ber. Note that while the gases are shown as flowing
through the cathodes, this is solely for the purpose of
illustration and in reality, the gases are introduced to
flow about the cathode assembly as disclosed in U.S.
Patent No. 4,462,333.

[0028] The supply conduits 36 are operatively asso-
ciated with the respective cathodes 34 to deliver proc-
ess gas mixtures to the plasma regions created in each
deposition chamber 28, 30 and 32 between said cath-
odes 34, the cathode shield 35 and the substrate 11.
The cathode shields 35 operate in conjunction with the
web of substrate material 11 to substantially confine the
plasma within the cathode region of the deposition
chambers. Although not shown, it should be apparent
that exhaust conduits are also associated with each
deposition chamber for withdrawing unused gases and
undeposited plasma from a position adjacent the
shielded cathode region.

[0029] The radio frequency generators 38 operate
in conjunction with the cathodes 34, the radiant heaters
40 and the rounded substrate 11 to form the plasma
regions by dissociating the elemental reaction gases
entering the deposition chambers 28, 30 and 32 into
deposition species. The deposition species are then
deposited onto a surface of the substrate 11 as layers of
amorphous semiconductor material. The substrate 11 is
maintained substantially flat by a plurality of rows of
magnetic elements 39 which provide an attractive force
urging the elongated substrate out of its normal-sagging
path of travel. In this manner, as fully disclosed in U.S.
Patent No. 4,440,107, assigned to the assignee of the
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instant application, uniform layers of amorphous silicon
alloy material may be deposited onto said substrate.

[0030] To form the photovoltaic cell 10 illustrated in
Figure 1, an n-type layer of amorphous silicon alloy
material is deposited onto the substrate 11 in the depo-
sition chamber 28, an intrinsic layer of amorphous sili-
con alloy material is deposited atop the n-type layer in
the deposition chamber 30 and a p-type layer of amor-
phous silicon alloy material is deposited atop the intrin-
sic layer in the deposition chamber 32. As a result, the
apparatus 26 successively deposits at least three layers
of amorphous silicon alloy material onto the substrate
11 wherein the intrinsic layer deposited in deposition
chamber 30 differs in composition from the layers
deposited in deposition chamber 28 and 32 by the
absence of at least one element which will be referred to
as the dopant or doping species.

[0031] It is important that each of the layers (and
particularly the intrinsic layer) deposited onto a surface
of the magnetic substrate 11 be of high purity in order to
produce high efficiency photovoltaic devices 10. It is
therefore necessary to substantially prevent the cross-
contamination of process gases into other deposition
chambers. In order to prevent back diffusion of process
gases to the intrinsic deposition chamber 30 from the
dopant deposition chambers 28 and 32 through the gas
gates 42, the p-dopant deposition chamber 28 and the
n-dopant deposition chamber 32 are maintained at a
lower internal pressure than the intrinsic deposition
chamber 30. To that end, each deposition chamber may
be provided with automatic throttle valves, pumps, and
manometers (not illustrated). Each throttle valve is oper-
atively connected to a respective pump so as to evacu-
ate excess and spent deposition constituents from the
deposition chambers. Each absolute manometer is
operatively connected to a respective deposition cham-
ber and a respective one of the throttle valves for con-
trolling the pressure within said deposition chambers.
Hence, a constant pressure differential is established
and maintained between adjacent chambers.

[0032] In the preferred embodiment, a sweep gas
such as hydrogen, argon, or another substantially inert
gas is introduced adjacent the intrinsic deposition
chamber side of the gas gates 42. In the illustrated
embodiment, the sweep gas enters the gas gates 42
through conduits 37 which include apertures (not
shown) for directing said gas on both sides of the mag-
netic web of substrate material 11. Due to the pressure
differential which has been established, the inert sweep
gas unidirectionally moves through the passageway 43
of the gas gates 42. The process gases for depositing
the intrinsic layer are introduced into the intrinsic cham-
ber 30 through conduit 36 and are substantially
restricted to the plasma region of the chamber 30 by (1)
the cathode shield 35 and (2) introducing and withdraw-
ing these gases adjacent the cathode region. In a like
manner, the process gases for depositing the dopant
layers are introduced into the dopant chamber 28 and
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32 through conduits 36 and are also substantially
restricted to the plasma regions of the dopant chambers
by (1) the cathode shields 35 and (2) introducing and
withdrawing those gases adjacent the cathode regions.
After the inert gas is swept through the gas gates 42 into
the respective dopant deposition chambers, said inert
gas may either be substantially withdrawn adjacent the
dopant chamber side of the gas gates 42 or may be
evacuated with the dopant process gases.

lll. Magnetic Gas Gates

A. Sliding, Magnetic Gas Gate of the Prior Art

[0033] In an attempt to isolate the process gases
introduced into the intrinsic deposition chamber 30 from
the process gases introduced into the dopant deposition
chambers 28 and 32, a unidirectional flow (in the direc-
tion of arrow 44) from the intrinsic deposition chamber
30 into either of the dopant deposition chambers 28 and
32 is established. As is readily apparent from Figure 2,
the intrinsic deposition chamber 30 is in operative com-
munication with the dopant deposition chambers 28 and
32 by the gas gates which are illustrated as slots 42.
The gas gates 42 are sized and shaped so as to permit
the substrate 11 to travel through the passageway 43 as
the substrate continuously moves from the supply core
11a, through the deposition chambers 28, 30 and 32,
and is wound onto the take-up core 11b. Initially, the
dimensional height of the gas gate passageway 43 was
selected to be as small as possible to prevent back dif-
fusion of the dopant process gases, while still being suf-
ficiently large for the surface of the substrate on which
the layers of amorphous semiconductor material are
deposited, to pass therethrough without contacting and
being scratched by the walls of the passageway 43. The
prior art magnetic gas gate disclosed in U.S. Patent No.
4,462,332 was designed to provide a reduced passage-
way opening which would still permit contact-free pas-
sage of the layered substrate 11 therethrough while
reducing back diffusion of process gases from dopant
deposition chambers such as 30 and 32 therethrough.
[0034] Figure 3 is an enlarged cross-sectional view
of one magnetic gas gate design of the prior art, indi-
cated generally by the reference numeral 42. The prior
art gas gate 42 generally comprises a lower block 44
and an upper block 46. Secured to the leading edge of
the upper block 46 is means for guiding the magnetic
web of substrate material 11 through a relatively narrow
passageway 43 formed between the top surface of the
lower gas gate block 44 and a cut-out portion of the
upper gas gate block 46. It is through this passageway
43 that the web of substrate material passes and the
unidirectional flow of the inert sweep gas from the intrin-
sic deposition chamber into the adjacent dopant deposi-
tion chambers is established.

[0035] The gas gate passageway 43 of this prior art
device is generally rectangular in cross-sectional con-
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figuration and is defined by an upper wall 43a, an
opposed lower wall 43b and opposed side walls 43c. As
previously mentioned, it is desirable that the height of
the side walls 43¢ be minimized to correspondingly min-
imize the back diffusion of gases through the passage-
way 43. To accomplish that objective, the upper wall 43a
of the passageway 43 is fabricated from a tempered
glass sheet 62 such as "PYREX" (registered trademark
of Corning Glass Works for a borosilicate glass having a
softening temperature of 820°C, an upper working tem-
perature in normal service of 230°C and a scleroscope
hardness of 120).

[0036] The passageway 43 is partially formed by a
recess 64 in the upper block 46 into which is secured
the magnetically attractive assembly which is adapted
to urge the magnetic substrate 11 into sliding contact
with the lower surface of the glass sheet 62. More par-
ticularly, an aluminum plate 66, a stainless steel enclo-
sure 68 and the glass plate 62 are successively placed
into the recess 64. A pair of elongated, relatively thin
spacers 70 (1) form the side walls 43¢ of the passage-
way 43, and (2) fix the height of the passageway open-
ing. Although the preferred height of the spacers is
3.175 mm (one-eighth (1/8) inch), the height dimension
has, in practice, been reduced to a value as small as
1.588 mm (one-sixteenth (1/16) inch). As the size of the
passageway opening is decreased, the amount of
dopant gases back diffusing through the passageway
43 from the dopant deposition chamber 28 and 32 is
correspondingly reduced. The decrease in the passage-
way opening from the previous 6.35 mm (one-quarter
inch) dimension to the 1.588 mm (one sixteenth inch)
value, which is made possible by the use of magnetic
gas gates, resulted in a decrease of back diffusion by at
least a factor of one-hundred (100).

[0037] Inside the stainless steel enclosure 68, a
plurality of 25.4 mm (one (1) inch) wide by 50.8 mm (two
(2) inch) long ceramic magnets 72 are arranged in rows
and columns by a plurality of horizontally and vertically
arranged magnet separators 74. The magnets 72 are
preferably fashioned from ceramic material although
other magnetic materials may be used. It is preferable
that a plurality of bar magnets be used to create the total
magnetic field. This is because the greatest magnetic
flux is developed at the ends of the bar magnets 72 and
therefore the more magnets used, the greater the
attractive force and the more uniform the magnetic field.
[0038] The magnetic separators 74 are substan-
tially flat, elongated, non-magnetic elements, such as
1.588 mm (one-sixteenth (1/16) inch) thick aluminum
plates. The separators 74 cooperate with the plurality of
magnets 72 to enhance the uniformity of the magnetic
field. In the preferred embodiment, a total of sixty-four
(64) 25.4 mm (one (1) inch) by 50.8 mm (two (2) inch)
ceramic magnets 72 are so spaced by the non-mag-
netic separators 74 that the ends of the peripheral mag-
nets 72 terminate coincidentally with the edge of the
magnetic web of substrate material 11 traveling through



15 EP 0 695 376 B1 16

the passageway 43. By so arranging the magnets 72
relative to the magnetic substrate 11, the established
magnetic field also centers the substrate 11 as it travels
through the gas gate 42. The upper block 46 includes a
two-piece retainer (not shown) for holding the magnets
72 and separators 74 in the prearranged pattern.
[0039] The top surface of the lower block 44 of the
gas gate 42 forms the lower wall 43b of the passageway
43. Both the lower block 44 and the upper block 46 of
the gas gate 42 include a plurality of apertures 78 in
panels 80a and 80b, respectively, for mounting the gas
gate 42 to the bulkhead between adjacent deposition
chambers. Further, a port 82 provides access into the
upper block 46 and the aluminum plate 66 for establish-
ing communication with the recess 64. In this manner,
the recess 64 can be pumped after the magnetic gas
gate apparatus is inserted thereinto and the port 82 can
be sealed by plug 83 to prevent contamination of the
deposition chambers caused by outgassing of the mag-
nets 72.

[0040] The magnetic field developed by the ceramic
magnets 72 urges the unlayered side of the magnetic
web of substrate material 11 (fabricated from a material
such as 430 stainless steel) traveling through the pas-
sageway 43 in the gas gate 42 into sliding contact with
the surface of the upper wall 43a. The ceramic magnets
72 develop a uniform magnetic field with very strong
forces in a direction perpendicular to the planar surface
of the substrate 11 traveling through the passageway
43, but relatively weak forces in a direction parallel to
said planar substrate surface.

[0041] The magnetic field established when the
magnetic gas gate assembly urged the magnetic sub-
strate 11 into sliding contact with the upper wall 43a of
the passageway 43, provided for a reduction in the size
of the passageway opening without requiring special tol-
erances to prevent scratching of the unlayered sub-
strate surface. However, as previously explained, while
the total back diffusion decreased, the back diffusion
between the upper passageway wall and the unlayered
substrate surface increased. This is because the web of
substrate material 11 divides the magnetic gas gate
passageway opening 43 into a relatively narrow upper
slit 82 and a relatively wide lower slit. It is in the rela-
tively narrow upper slit 82 that the viscous sweep gases
are unable to attain sufficient velocity to prevent back
diffusion of dopant gases from the dopant chambers 28
and 32 into the intrinsic chamber 30.

B. Grooved, Magnetic Gas Gate of the Prior Art

[0042] Referring now to Figures 4 and 5, like
numerals refer to common elements of the prior art
magnetic gas gates 42 and 42a. The gas gate 42a is
shown to include a passageway 43 of generally rectan-
gular cross-sectional configuration. The gas gate pas-
sageway 43 is defined by an upper wall 43a a lower wall
43b opposite the upper wall, and opposed side walls
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43c. The passageway 43 is partially formed by a recess
64 in the upper block 46 of the gas gate 42a into which
is secured the magnetically attractive assembly adapted
to urge the substrate into sliding contact with the upper
gas gate passageway wall 43a. More particularly, an
aluminum plate 66 and a stainless steel enclosure 68
are successively placed into the recess 64. A pair of
elongated, relatively thin spacers 70 operate to both
form the side walls 43c of the passageway 43 and fix the
size of the passageway opening. As with the other prior
art magnetic gas gate; the preferred height of the spac-
ersis 3.175 mm (1/8 inch), although the value can be as
small as 1.588 mm (1/16 inch); inside the stainless steel
enclosure 68, a plurality of ceramic magnets 72 are
arranged in a plurality of rows and columns by a plurality
of substantially flat, elongated, non-magnetic separa-
tors 74; the top surface of the lower block 44 of the gas
gate 42a forms the lower wall 43b of the passageway
43; both the lower block 44 and the upper block 46
include a plurality of apertures 78 on attachment plates
80a and 80b, respectively, for mounting the gas gate 42
between adjacent deposition chambers; and a port 83
provides access into the upper block 46 and the alumi-
num plate 66 for establishing communication with the
recess 64.

[0043] In order for the inherently viscous inert
gases to be swept through the relatively narrow, upper
slit 82 between the web of substrate material and the
upper wall 43a of the gas gate passageway 43 with suf-
ficient velocity to substantially prevent the back diffusion
of process gases from the dopant chambers into the
intrinsic chamber, the upper wall 43a of the passageway
43 was formed with a plurality of elongated, generally
parallel grooves 86 therein. The grooves 86 extend the
entire approximately eight (8) inch length of the gas
gate passageway 43 so as to operatively communicate
at one end with the dopant deposition chamber and at
the other end with the intrinsic deposition chamber.
Each of the parallel grooves 86 is defined by opposed
side walls 86a and an upper wall 86b. The unlayered
surface of the web of substrate material 11 is urged
against the upper, one-eighth inch wide passageway
walls 43a which are defined as the surfaces formed
between adjacent grooves 86. The side walls 86a
extend downwardly approximately 3.175 mm (one-eight
(1/8) inch) and are separated by the upper wall 86b
which is about 6.35 mm (one-quarter (1/4) inch) wide,
thereby providing a plurality of 3.175 mm (one-eighth
inch) high and 6.35 mm (one-quarter inch) wide flow
channels between deposition chambers. Since the flow
channels are significantly greater than 200 microns (the
point of maximum back diffusion), the velocity of gases
flowing therethrough is substantially increased relative
to the velocity of the gases flowing through the
ungrooved upper slits of prior art gas gates. Therefore,
the 6.35 mm (one-quarter inch) passageway opening
provided above the substrate, permits only minimal
back diffusion of process gases from the dopant deposi-
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tion chamber to the intrinsic deposition chamber.

[0044] It should be appreciated that the molecules
of gases flowing through the upper slit 82 may either
travel through the flow channels defined by the grooves
86 or through the relatively narrow space between adja-
cent grooves 86. The inert gases flowing through the
grooves 86 are able to attain sufficient velocity to sub-
stantially prevent back diffusion of process gases. The
inert gases flowing through the relatively narrow space
between grooves are not able to attain sufficient veloc-
ity. However, due to the 203.2 mm (eight inch) long path
which the dopant process gases must traverse to dif-
fuse into the intrinsic chamber, it is statistically improba-
ble that the dopant gases will complete the journey to
the intrinsic chamber without entering the high velocity
flow channel grooves. Once in the high velocity grooves,
those dopant process gases will move with the flow of
the inert sweep gases and be returned to the dopant
chamber. In this manner, contamination of the intrinsic
chamber caused by dopant process gases diffusing
through the upper passageway slit 82 has been sub-
stantially reduced.

[0045] While the grooves 86, taken in combination
with the introduction of sweep gases adjacent the intrin-
sic deposition chamber side of the gas gate passage-
way 43, substantially reduce diffusion problems, it has
been determined that the introduction of additional
sweep gas directly into grooves 86 about midway
between the adjacent deposition chambers provides an
additional reduction in back diffusion of dopant process
gases into the intrinsic deposition chamber. This was
deemed necessary when it was found that only a small
percentage of the sweep gas introduced from the intrin-
sic deposition chamber actually flows through the nar-
row upper slit 82.

[0046] Again, as was stated before, although these
prior art magnetic gas gates reduced the overall cross-
contamination of process gases from the dopant depo-
sition chamber into the intrinsic deposition chamber
through the gas gate passageway, substantial frictional
abrasion between the upper passageway wall and the
unlayered surface of the substrate occurred.

C. Magnetic Roller, Gas Gate of the Prior Art

[0047] The magnetic roller, gas gates of the prior art
are substantially similar to the magnetic sliding gas
gates, and in the following paragraphs only the differ-
ences therebetween will be described. It is important to
note, however, that the magnetic roller gas gate con-
tains all of the undescribed elements of the magnetic
sliding gas gates.

[0048] Turning now to Figure 7 there is shown
therein a cut-away view of the upper passageway wall
specifically depicting the magnetic rollers 90 of the gas
gates. The spacedly disposed magnetic rollers 90 are
rotatably mounted to the upper passageway wall 43a by
means of bearings and mounting brackets 91. The pre-
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ferred diameter of the magnetic rollers 90 is about one
inch, although a range of diameters of about one-half
inch to about three inches will operate.

[0049] From a perusal of Figure 7, the difference
between the magnetic sliding gas gate and the mag-
netic roller gas gate can be seen. The flat and grooved
magnetic sliding surfaces of the upper passageway wall
of the sliding gas gate have been supplemented by the
magnetic rollers 90. This substitution resulted in a sub-
stantial reduction of frictional abrasion between the
unlayered surface of the magnetically attractable web of
substrate material 11 and the magnetic attracting
means without substantial reduction in gas containment
(i.e., without a substantial increase in the diffusion of
process gases between adjacent deposition chambers).
[0050] Turning next to Figure 8, there is depicted a
cross-sectional view of the magnetic roller gas gate of
the prior art see e.g. previously cited JP-A-4 299 823
taken along line 5-5 of Figure 7. This figure depicts the
manner in which the magnetic rollers 90 are mounted in
semi-cylindrical openings or slots formed within the
upper passageway wall 43a. Although Figure 8 is not to
scale, it should be noted that space between the mag-
netic rollers 90 and the upper passageway wall 43a is
on the order of the height of passageway 43. The mag-
netic rollers 90 protrude into the passageway opening
43 so that the magnetically attractable substrate 11 will
be held sufficiently far away from the contact surface of
the upper passageway wall to prevent the formation of a
relatively narrow upper slit, as was the problem with the
flat surface sliding gas gate of the prior art. The mag-
netic rollers 90 protrude about 4 millimeters into the
passageway 43. Therefore, the distance between the
upper passageway wall and the unlayered surface of the
substrate 11 will be approximately 4 millimeters. The
distance between the lower passageway wall 43b and
the layered surface of the substrate 11 is also about 4
millimeters. Therefore, taking into account the thickness
of the substrate 11 and any deposited layers of silicon
alloy material, passageway 43 should preferably be
formed with about a 1 centimeter distance separating
the lower passageway wall 43b and upper passageway
wall 43a. The magnetic rollers 90 preferably extend the
entire width (approximately 406.4 mm (16 inches)) of
the passageway opening 43. As viewed in Figure 8, the
magnetically attractable substrate 11 would travel from
left to right with rolling contact between the magnetic
rollers 90 and the unlayered surface of the substrate.

[0051] Now turning to Figure 6, there is depicted in
this drawing one embodiment of the magnetic rollers 90
which are incorporated into the magnetic roller gas gate
of the prior art and the transonic flow gas gate of the
instant invention. The magnets 150a take the form of
one or more axially apertured, generally cylindrically-
shaped, ceramic magnets. The magnets 150a are pref-
erably fashioned from a ceramic material (such as BaO-
Fe,03) because such ceramics materials are inherently
light weight, relatively inexpensive, stable at elevated
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temperatures and capable of creating strong magnetic
fields. However, any magnetic material which is capable
of providing non-contaminating strong substrate attrac-
tive forces at the elevated temperatures and reduced
pressures required for deposition of the amorphous
semiconductor layers may be used. The axial aperture
156 is adapted to receive therein an elongated axle 158.
An elongated, hollow generally cylindrically-shaped
tube 160, having an internal diameter approximately
equal to the outer diameter of the cylindrical magnets
1503, is adapted to receive at least one of the magnets
150a. The tube 160 has an aperture 162 formed
through the closed end 164 thereof and a correspond-
ing aperture 170 formed through the end wall 166 of
and end cap 168 which cooperates with the tube 160 to
encapsulate the cylindrical magnets 150a. As the mag-
netically attractable web of substrate material 11 is
urged against the magnetic rollers 90, the magnetic roll-
ers rotate about the longitudinal axis 158, thereby
reducing frictional abrasion of the unlayered surface of
the substrate.

D. Transonic Flow Gas Gate of the Instant Invention

[0052] Turning now to Figure 9, wherein is depicted
a cross sectional view of the isolation device of the
instant invention. As with the Magnetic roller gas gate of
section C above, most of the features of the instant gas
gate are identical to those of the prior art sliding gas
gates. Therefore, only the differences/improvements of
the present invention will be noted and discussed.
[0053] As in the prior art magnetic roller gas gate,
the instant isolation device employs magnetic rollers 90
to accurately and safely guide a magnetically attractable
substrate 11 through passageway 43. As stated herein
above, the magnetic rollers 90 reduce frictional abrasion
of the substrate 11.

[0054] The present invention is unique in its ability
to isolate gaseous regions of highly differing pressure.
The prior art gas gates could not effectively isolate
regions having pressure differentials of greater than
about 10 %. However, there are many instances where
it is desirable to isolate gaseous regions having greater
pressure differentials than are achievable by the prior ad
gas gates. For instance, it may be desirable to isolate a
low vacuum payout reel chamber containing essentially
atmospheric gases at a pressure of about 0.25 Pa (250
mTorr) from an adjacent back reflector deposition cham-
ber at a pressure of about 0.13 Pa (10‘3 Torr). With the
prior art gas gates, this isolation would be essentially
impossible to achieve.

[0055] The isolation achievable by the present
invention stems from the transonic flow of inert sweep
gas through the transonic flow channels 92. Inert sweep
gas enters the gas gate through inlet 93 and flows into
gas manifold 94. Manifold 94 allows the pressure of the
inert gas to equalize and provides for the required differ-
ing flow rates in each of the transonic flow channels due
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to the differing pressures in the interconnected regions.
In the specific example discussed directly above, the
height of the transonic flow channels 92 is about 3.175
mm (0.125 inches) and the length thereof is about 50.8
mm (2.0 inches). The non-contaminating sweep gas is
argon and it is flowing into the inlet 93 at a rate of
approximately 400 sccm. The effect of the gas upon the
environment of the deposition chamber is minimal
because the argon sweep gas is used as the diluent gas
which would normally have been used in the reaction
chamber. Therefore the reaction mixture is no more
diluted than normal and the evacuation pump has no
greater pumping burden than normal.

[0056] Next a brief description of the phys-
ics/mechanics of the gas gate of the instant invention is
in order. Figure 10 is a graphical representation of the
relationship between the pressure in an adjacent cham-
ber (or region), plotted on the ordinate, and the flow of
non-contaminating gas in the transonic flow channel 92,
plotted on the abscissa. As can be seen from a perusal
of this figure, when the pressure in the chamber is equal
to the pressure in manifold 94 (P,), there is no flow of
non-contaminating gas in transonic flow channel 92. As
the pressure in the chamber drops, the flow of non-con-
taminating gas increases, until a point at which the gas
in the channel 92 is transonic. This critical pressure is
denoted as P and the flow at this pressure is denoted
as Fhax- Any reduction in the pressure of the chamber
beyond the critical pressure will not increase the flow
rate of the gas through transonic flow channel 92.
[0057] At pressures lower than this critical pres-
sure, the system gas flows are locked and will not
increase, regardless of how low the pressure in the
chamber is reduced. This can be shown by a consider-
ation of the relative velocities of the gas in the channel
92 and pressure disturbances in the adjacent chamber.
Pressure disturbances within a gas (sounds, pressure
drops etc.) travel in the gas at the "speed of sound" in
that gas. Therefore, any pressure change in the cham-
ber is transmitted up channel 92 at the speed of sound.
However, at chamber pressures below P, the flow rate
of gas in channel 92 is transonic (beyond the speed of
sound). Therefore the pressure disturbance will never
propagate upstream within the region transonic flow
channel 92. Therefore, any further reduction of pressure
(i.e. pressure disturbance) within the adjacent chamber
or region will not be communicated upstream and there-
fore the gas flow rate in the flow channel is locked at
Fmax- Also it can be seen that once the system flow
rates are locked, the pressure in the channel 92 is
always greater than or equal to P.. This locked flow
mode is also called a choked mode.

[0058] The previous paragraphs have described the
pressure isolation mechanism of the improved gas gate
of the instant invention, however, there is also the con-
sideration cross contamination by diffusion of materials
upstream. This can happen when the mean-free-path
length of the diffusing species is large. However, as was
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stated hereinabove, once the system flows are locked,
the pressure within the transonic flow channel 92 is
greater than or equal to P.. Therefore, the instant gas
gate uniquely provides for isolation of diffusing gaseous
species by reducing the mean-free-path length (i.e. dis-
tance between collisions) of the diffusing species within
the transonic flow channel 92. The sweep gas within the
flow channels 92 is at high enough pressure to consid-
erably reduce the mean-free-path length of diffusing
species. Therefore, the since the required length of the
transonic flow channels 92 need only be a few mean-
free-path lengths long to provide adequate isolation of
diffusing species and the mean-free-path length within
the high pressure flow channel 92 is small, the overall
length of the gas gate of the instant is significantly
smaller than the gas gates of the prior art, while still pro-
viding the required isolation of diffusing species.

[0059] It should be understood that the present
invention is not limited to the precise structure of the
illustrated embodiments. It is intended that the foregoing
description of the presently preferred embodiments be
regarded as an illustration rather than as a limitation of
the present invention. It is the claims which follow,
including all equivalents, which are intended to define
the scope of this invention.

Claims

1. Transonic gas gate containing a non-contaminating
sweep gas at a predetermined flow rate, for inter-
connecting two regions of differing gaseous compo-
sition and/or pressure, said gas gate includes a
narrow, elongated passageway (43), through which
substrate material (11) is adapted to move between
said regions, and inlet means (93) for introducing a
flow of said sweep gas at said predetermined flow
rate into a central portion (94) of said passageway
(43),
said gas gate is characterised in that

the passageway (43) includes at least two tran-
sonic flow channels (92) having a height of
about 3.175 mm (0.125 inch) and also includes
at least one said central portion (94) intercon-
necting said at least two flow channels (92),
said central portion (94) having a height greater
than and having a length shorter than those of
said flow channels (92) so that said sweep gas
at said flow rate reaches a choke mode tran-
sonic flow in at least one of said flow channels
(92).

2. Agasgate asinclaim 1, wherein manifold means is
formed at the point where said inlet means commu-
nicates with said passageway.

3. A gas gate as in claim 2, wherein the gas gate
includes a 2 inch portion with a height dimension of
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0.125 inches positioned between said manifold
means and at least one of said two interconnected
regions.

4. A gas gate as in claim 2, wherein the gas gate
includes a 2 inch portion with a height dimension of
0.125 inches positioned between said manifold
means and both of said two interconnected regions.

5. A gas gate as in claim 1, wherein roller means are
spacedly disposed and rotatably mounted along the
upper passageway wall.

6. A gas gate as in claim 5, wherein magnetic means
for urging a magnetically attractable substrate into
rolling contact with said rotatably mounted roller
means, whereby frictional abrasion of said sub-
strate by said passageway walls is reduced.

7. A gas gate as in claim 6, wherein said magnetic
means are formed from permanent magnet mate-
rial.

8. A gas gate as in claim 7, wherein said magnet
material is ceramic magnet material.

9. A gas gate as in claim 6, wherein said magnetic
means are disposed within said roller means.

10. A gas gate as in claim 8, wherein said roller means
are formed of said ceramic magnet material.

Patentanspriiche

1. Transsonische Gasschleuse mit einem nicht - kon-
taminierenden Spillgas in einer vorgegebenen
Durchflussmenge zum Verbinden zweier Regionen
mit unterschiedlichen Gaszusammensetzungen
und/oder Driicken, wobei die Gasschleuse einen
schmalen, langgestreckten Durchlass (43), durch
den sich Substratmaterial (11) zwischen den
Regionen bewegen kann, sowie Einlassmittel (93)
zum Einleiten eines Stroms des Spiilgases in der
vorgegebenen Durchflussmenge in einen Zentral-
bereich (94) des Durchlasses (43) aufweist,
und wobei die Gasschleuse dadurch gekenn-
zeichnet ist, dass

der Durchlass (43) mindestens zwei transsoni-
sche Strdmungskanéle (92) mit einer Héhe von
etwa 3,175 mm (0,125 Zoll) aufweist und auch
mindestens den einen Zentralbereich (94)
umfasst, der die mindestens zwei Strdomungs-
kanale (92) miteinander verbindet, und der
Zentralbereich (94) eine gréRere Hohe und
eine kirzere Lange als die Stromungskanale
(92) hat, so dass das Spllgas bei der gegebe-
nen Durchflussmenge einen Blockierungszu-
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stand der transsonischen Strémung in
mindestens einem der Strdmungskanale (92)
erreicht.

Gasschleuse nach Anspruch 1 dadurch gekenn-
zeichnet, dass Verteilungsmittel an der Stelle vor-
gesehen sind, wo die Einlassmittel mit dem
Durchlass in Verbindung stehen.

Gasschleuse nach Anspruch 2 dadurch gekenn-
zeichnet, dass die Gasschleuse einen 2 - Zoll -
Bereich mit einer Hohenabmessung von 0,125 Zoll
zwischen den Verteilungsmitteln und mindestens
einer der zwei miteinander verbundenen Regionen
aufweist.

Gasschleuse nach Anspruch 2 dadurch gekenn-
zeichnet, dass die Gasschleuse einen 2 - Zoll -
Bereich mit einer Hohenabmessung von 0,125 Zoll
zwischen den Verteilungsmitteln und beiden mitein-
ander verbundenen Regionen aufweist.

Gasschleuse nach Anspruch 1 dadurch gekenn-
zeichnet, dass Rollenmittel in Abstédnden drehbar
langs der oberen Wand des Durchlasses ange-
bracht sind.

Gasschleuse nach Anspruch 5 dadurch gekenn-
zeichnet, dass magnetische Mittel vorgesehen
sind, um ein magnetisch anzuziehendes Substrat in
einen Abrollkontakt mit den drehbar angebrachten
Rollenmitteln zu bringen, wodurch der Reibungsab-
rieb des Substrats durch die Durchlasswande her-
abgesetzt wird.

Gasschleuse nach Anspruch 6 dadurch gekenn-
zeichnet, dass die magnetischen Mittel aus perma-
nentmagetischem Material bestehen.

Gasschleuse nach Anspruch 7 dadurch gekenn-
zeichnet, dass das Magnetmaterial ein kerami-
sches Magnetmaterial ist.

Gasschleuse nach Anspruch 6 dadurch gekenn-
zeichnet, dass die magnetischen Mittel in den Rol-
lenmitteln angeordnet sind.

Gasschleuse nach Anspruch 8 dadurch gekenn-
zeichnet, dass die Rollenmittel aus dem kerami-
schen Magetmaterial bestehen.

Revendications

Barriére gazeuse transsonique contenant un gaz
de balayage non contaminant a un débit prédéter-
miné, destinée a relier 'une a l'autre deux régions
de composition et/ou de pression gazeuse différen-
tes, ladite barriere gazeuse comprend un passage
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étroit allongé (43) a travers lequel un matériau de
substrat (11) est congu pour se déplacer entre les-
dites régions, et un moyen d'orifice d'entrée (93)
destiné a introduire un écoulement dudit gaz de
balayage audit débit prédéterminé jusque dans une
partie centrale (94) dudit passage (43),

ladite barriére gazeuse est caractérisée en ce que

le passage (43) comprend au moins deux
canaux d'écoulement transsonique (92) pré-
sentant une hauteur d'environ 3,175 mm
(0,125 pouce) et comprend également au
moins une dite partie centrale (94) reliant I'un a
I'autre lesdits au moins deux canaux d'écoule-
ment (92), ladite partie centrale (94) présentant
une hauteur plus grande et présentant une lon-
gueur plus courte que celles desdits canaux
d'écoulement (92) de sorte que ledit gaz de
balayage audit débit atteint un écoulement
transsonique en mode d'étranglement dans au
moins I'un desdits canaux d'écoulement (92).

Barriére gazeuse selon la revendication 1, dans
laquelle un moyen de collecteur est formé au
niveau du point ou ledit moyen d'orifice d'entrée
communique avec ledit passage.

Barriére gazeuse selon la revendication 2, dans
laquelle la barriere gazeuse comprend une partie
de 2 pouces présentant une dimension en hauteur
0,125 pouce positionnée entre ledit moyen de col-
lecteur et au moins l'une desdites deux régions
reliées I'une a l'autre.

Barriére gazeuse selon la revendication 2, dans
laquelle la barriére gazeuse comprend une partie
de 2 pouces présentant une dimension en hauteur
de 0,125 pouce positionnée entre ledit moyen de
collecteur et les deux desdites deux régions reliées
I'une a l'autre.

Barriére gazeuse selon la revendication 1, dans
laquelle des moyens de rouleaux sont disposés de
fagon espacée et montés avec possibilité de rota-
tion le long de la paroi supérieure du passage.

Barriére gazeuse selon la revendication 5, dans
laquelle des moyens magnétiques sont destinés a
solliciter un substrat pouvant étre attiré magnéti-
quement jusqu'en contact roulant avec lesdits
moyens de rouleaux montés avec possibilité de
rotation, grace a quoi I'abrasion de frottement dudit
substrat par ledit passage est réduite.

Barriere gazeuse selon la revendication 6, dans
laquelle lesdits moyens magnétiques sont formés a
partir d'un matériau d'aimant permanent.
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Barriére gazeuse selon la revendication 7, dans
laquelle ledit matériau d'aimant est un matériau
d'aimant de céramique.

Barriére gazeuse selon la revendication 6, dans
laquelle lesdits moyens magnétiques sont disposés
a l'intérieur desdits moyens de rouleaux.

Barriére gazeuse selon la revendication 8, dans
laquelle lesdits moyens de rouleaux sont formés
dudit matériau d'aimant de céramique.
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